I. Introduction
In many real life propagation links, short-term fading and long-term fading (shadowing) occur simultaneously, yielding a composite fading environment [1] . Short-term fading is the result of multipath propagation due to reflection, diffraction, and scattering effects. Shadowing is the result of large obstacles and large deviations in the terrain profile between the transmitter and receiver. Various models can be used to describe the fading envelope of the received signal. In the open technical literature, the most frequently used models are the Rayleigh, Rician, Nakagami-m, and Weibull. The average power of the received signal is also random when shadowing is concurrently present. A lognormal distribution is generally used to characterize the average power fluctuations. Unfortunately, the use of lognormal distribution to account for shadowing does not lead to a closed-form solution for the probability density function (PDF) of the signal-to-noise ratio (SNR) [2] - [6] . The absence of a closed-form solution for the PDF makes the system analysis very cumbersome. Papers [7] , [8] show that, based on theoretical results and measured data, gamma and lognormal distribution match reasonably well. An approach that assumes gamma distribution in modeling of the average signal power leads to a closed-form expression for the PDF of the SNR.
Space diversity, based on using multiple antennas, is a powerful processing technique used to improve the reliability of communication over wireless channels. The microdiversity technique is a technique of signal combining in a single base station, which helps reduce the effects of short-term fading. Diversity that mitigates the effects of shadowing from buildings and objects is called macrodiversity. Macrodiversity is implemented by combining signals received by several base stations or access points [9] . Having in mind that maximal-ratio combining (MRC) is an optimal combining algorithm in the sense that it gives the best performance and that selection combining (SC) is basically a fast response hand-off mechanism that instantaneously or with minimal delay chooses the best base station to provide service to the user [10] , microdiversity and macrodiversity reception can be realized using MRC and SC, respectively. Independent fading channels at the micro level can be ensured when the separation between antennas is on the order of one half of a wavelength [9] .
Unfortunately, shadowing has a larger correlation distance (base stations are likely to be shadowed by the same obstacles), and it is difficult to ensure that base stations operate independently, especially in microcellular systems [11] .
Motivated by the results of propagation measurements in microcellular and picocellular systems, the outage probability and average bit error probability (ABEP) of a wireless communication system with microdiversity and dual macrodiversity reception in a composite Rician-gamma environment were analyzed in [8] , [12] . However, in certain applications, such as in adaptive transmission, the outage probability and ABEP do not provide enough information for the overall system design and configuration [13] . In that case, the system's second-order statistics should be obtained to reflect the correlation properties of the fading channels and to provide a dynamic representation of the system's performance. The level crossing rate (LCR) and average fade duration (AFD) represent the system's second-order statistics, and they can be used as important performance measures for a proper selection of the adaptive symbol rates, interleaver depth, packet length, and time slot duration. Motivated by the above, we analyze the second-order statistics and present a continuation of the work on first-order statistics described in [8] , [12] .
II. System and Channel Model
This letter considers a wireless communication system with two L-branch MRC receivers at the micro level and a dualbranch SC receiver at the macro level. The resulting signal at the MRC output of the i-th (i=1, 2) base station is where r 2 1 ,
ij is the envelope of the faded signal at the j-th diversity branch of the i-th base station. Assuming that envelopes are statistically independent, in a propagation environment with a dominant line-of-sight component, random variable R i follows the Rician distribution given by [5] ( )
where K is the Rician factor defined as the ratio of the signal power in the dominant component over the scattered power, Ω i represents the average power of the signal per base station branch, and I n (·) is the modified Bessel function of the first kind and n-th order. The conditional nature of the PDF in (1) reflects the existence of shadowing with Ω i being a random variable. In this letter, Ω 1 and Ω 2 are correlated and identically gamma distributed with the joint PDF given as [14] ( ) ( )( ) ( ) 
where Ω 0 is related to the average power of Ω 1 and Ω 2 , ρ is the correlation between Ω 1 and Ω 2 , and Γ(·) is the Gamma function.
Variable c represents a measurement of shadowing severity (as the value of c decreases, the shadowing increases). The relationship between the parameter c and standard deviation σ of shadowing in dB in the lognormal shadowing exists through ( ) ( ) The joint PDF of the signal at the output of the i-th base station and its time derivative is [16] ( ) ( ) ( ) , .
The derivative of R i with respect to time is Selection diversity based on the total input average power is applied at the macro level. Namely, the base station with the larger total input average power is selected to provide service to the user. The joint PDF of the signal and its derivation after diversity combining at the micro and macro levels can be derived as ( ) 
. Ω (4) Substituting the adequate joint PDFs and after integrations, analytical expression for the joint PDF of the signal and its derivation can be obtained but is omitted here for brevity.
III. Average LCR and AFD
The average LCR is defined as the number of times per unit duration that the fading process R(t) crosses a given value in a positive (or negative) going direction. This quantity for a given threshold R is given by [18] ( )
Introducing the joint PDF of signal and its derivation into (5) and after integration, the final infinite-series expression for the average LCR becomes 
where K n (·) is the n-th order modified Bessel function of the second kind.
The AFD is defined as the average time that signal remains below a specified level R after crossing that level in a downward direction and is given by [18] 
where F R (R) is the cumulative distribution function of R derived in [8] .
To the best of the authors' knowledge, the presented analytical expressions for second-order statistical quantities are new and are applicable to finite-state Markov modeling of fading channels, analysis of handoff algorithms, and estimation of packet error rates.
The main problem in the infinite-series expressions can be their convergence. Expressions for the average LCR and AFD converge rapidly, and, thus, they can be efficiently used. As an indicative example, the number of terms needed to be summed in the expression for the average LCR to achieve foursignificant-figure accuracy is shown in Table 1 . Table 1 . Number of terms of (6) required for four-significant-figure accuracy (K=2.1 dB, L=3, Ω 0 =0 dB, f m =1 Hz). 
IV. Numerical Results
On the basis of previous mathematical analysis, in this section, numerical results describing behavior of the secondorder statistical measures for various system parameters are graphically presented. Figures 1 and 2 depict the normalized average LCR (N R /f m ) versus the normalized envelope level (R th =R/Ω 0 ). Clearly, LCR increases as the value of the normalized envelope increases, until it reaches the maximum for R th = R th0 , at which time it starts decreasing.
In Fig. 1 , the influence of fading severity and order of microdiversity is represented. The average LCR decreases as the Rician parameter increases. This effect is more visible for lower values of the signal level and a lower number of diversity branches. For the values of R th <R th0 , the average LCR decreases with an increase in the number of diversity branches at the micro level. Otherwise, the number of crossings increases as the microdiversity order increases. Figure 2 shows the influence of shadowing severity and the correlation coefficient. For lower values of the signal envelope, the average LCR is higher in an environment under higher shadowing, whereas, for higher values of the signal envelope, the average LCR decreases as shadowing severity increases. The influence of the correlation coefficient on the considered statistical quantity is substantial for small envelope values. Signal fluctuations are more rapid in the case in which separation between base stations is smaller. Figure 3 presents the normalized AFD (T R f m ) versus the normalized envelope for a different number of diversity branches at the micro level. It is obvious that when an output signal has faded below the determined value, it spends less time below that value if the microdiversity order is higher. 
V. Conclusion
In this letter, the dynamics of the received signal in a system with microdiversity and macrodiversity reception in a composite Rician-gamma fading environment was investigated. Numerical results for the average LCR and AFD were presented graphically to illustrate the effects of the number of diversity branches, the severity of fading and shadowing, and the correlation between base stations on the system performance. Expressions obtained in the letter can be used for system parameter optimization in different propagation conditions.
